than acetic acid from glucose, whereas cultures of Escherichia formed these compounds in approximately equimolar quantities. Scheffer (1928) studied the glucose metabolism of the coliform "Intermediate" group and found their metabolic end-products similar to those of Escherichia as is shown in table 1.
The Voges-Proskauer reaction, a qualitative test for acetylmethylcarbinol and the methyl red test, a qualitative measure of the intensity and fate of acids produced, are therefore of most value for rapid primary differentiation of the coliform bacteria. The value of these tests, first shown by Levine (1916) to Unfortunately, earlier investigation of the coliform bacteria was materially hindered by lack of a sensitive qualitative method for determination of the Voges-Proskauer reaction. Thus, some of the cultures diagnosed as representatives of the "Intermediate" section, in reality, belonged to the genus Aerobacter. That such was the case was clearly shown by Vaughn, Mitchell and Levine (1939) . After finding that some cultures classified as belonging to the "Intermediate" section were really Aerobacter strains, it was anticipated that further investigation would show that Aerobacter cultures could form trimethylene glycol from glycerol. This was proven by Mickelson and Werkman (1940) .
Most confusion in classifying the "Intermediate" group has resulted from a tendency to allocate Aerobacter cultures having very weak or negative VogesProskauer reactions to the "Intermediate" section without realizing that, of the two compounds, acetylmethylcarbinol and 2-3, butylene glycol, the latter predominates and the carbinol is sometimes found only in traces, even when estimated quantitatively. Also, acetylmethylcarbinol is decomposed by the coliform bacteria according to Linton, (1925) ; Paine, (1927) ; Williams and Morrow, (1928); and Tittsler, (1938) . Furthermore, routine use of an incubation temperature of 3700. for the coliform bacteria mitigates against detection of Aerobacter when using the Voges-Proskauer reaction as a criterion, as does too short or too long incubation. Further confusion has resulted from failure to recognize that the citrate test is a measure of the ability of the coliform bacteria to readily utilize the citrate radical as a sole source of carbon in an otherwise inorganic medium.
In a search for other characteristics which would be more satisfactory for separating the "Intermediate" group from true Escherichia and Aerobacter, several differential tests have been suggested including the production of hydrogen sulfide, utilization of cellobiose and indole formation in tryptophane broth. Levine and his students, (1932) found that the "Intermediate" cultures investigated by them formed hydrogen sulfide in proteose peptone, ferric citrate agar and later (1934) reported that not all "Intermediate" cultures produced hydrogen sulfide in their medium. Finally, Vaughn and Levine, (1936) showed that the diagnostic value of the proteose peptone, ferric citrate agar medium for hydrogen sulfide production was dependent upon the concentration of agar contained in the medium. A concentration of 1.5 per cent agar was optimum for differential purposes. With higher concentrations of agar, the number of positive cultures was materially reduced whereas, in a medium containing appreciably smaller amounts of agar the differential value was completely lost.
It is to be emphasized that hydrogen sulfide .production is constant only for a constant set of conditions. Experience has shown that proteose peptone ferric-citrate medium with 1. The fermentation of cellobiose was first used by Jones and Wise (1926) and Koser (1926) with later confirmation by Skinner and Brudnoy (1932) and more recently by Tittsler and Sandholzer (1935) , Stuart et al. (1938) and Mitchell and Levine (1938) . Cellobiose fermentation will distinguish between true Escherichia and "Intermediate" cultures but it must be remembered that Aerobacter cultures attack cellobiose.
Other tests, particularly indole formation from tryptophane broth, have been used in an attempt to separate the coliform bacteria. Here, too, success has been limited because of the high percentage of Aerobacter cultures which produce indole. Indole is a character better suited to specific than to generic differentiation.
As a result of the confusing and ambiguous results obtained with the differential tests cited above, some workers believed that part of the "Intermediate" organisms should be allocated to Escherichia and the rest to Aerobacter (Carpenter and Fulton, 1937) . Others considered them all as Escherichia (Tittsler and Sandholzer, 1935; Yale, 1939) ; still others refused to allocate them but retained the "Intermediate" designation (Koser, 1924; Bardsley, 1934 ; and many others); some gave them separate generic rank as Citrobacter (Werkman and Gillen, 1932; Bartram and Black, 1937) and some placed all of the coliform bacteria in one genus, Bacterium (Minkewitsch, 1930; Skinner and Brudnoy, 1932; Parr, 1938; and Malcolm, 1938) .
Regardless of the manner in which the taxonomy of the group is finally treated, the "Intermediate" coliform bacteria are widely recognized and with more experience and more refined diagnostic methods, two alternatives are apparent: the "Intermediate" coliform bacteria must either be recognized as a separate genus or be given specific allocation in some existing genus. In either case, more attention must be given to specific and varietal differences. B. Methods The cultures were all subjected to serial replating on Levine's eosine-methylene-blue agar for purification. Well isolated colonies were picked and purified by repeated plating from lactose broth (Standard Methods, 1936) .
Primary differentiation from true Escherichia and Aerobacter was made on the basis of the Voges-Proskauer and Koser's citrate tests. The V.-P. reaction was determined by the use of Barritt's (1936) alpha-naphthol reagents on cultures grown in Difco M.R.-V.P. medium at 30°C. for periods of from one to five days, (Vaughn, Mitchell and Levine, 1939 Secondary or specific allocation, using the production of hydrogen sulfide from proteose peptone ferric citrate agar, the formation of indole in tryptophane broth, using Kovac's reagent (1928) , the fermentation of starch, aesculin, salicin and glycerol followed the suggestion of Levine et al. (1934) . These and other carbon compounds were added in concentrations of 0.3 to 0.5 per cent to a basal medium containing 5 grams of Bacto-peptone, 1 gram of K2HPO4 and 10 ml. of Andrade indicator per liter of distilled water.
The starch and aesculin media were prepared differently. Since it is important that the starch used be free from reducing substances, Kingsford and Argo corn starches known not to reduce Fehling's solution were used. A concentration of 1 per cent starch was prepared by making a thin paste in a small portion of cold basal medium and adding this paste to the desired quantity of boiling basal medium. With care a satisfactory suspension of the starch is obtained. Soluble starches are unsatisfactory for differential purposes as most coliform bacteria readily ferment them, since they contain products of starch hydrolysis.
The aesculin medium was prepared by adding 0.3 per cent aesculin and 0.05 per cent ferric citrate to the basal medium. Decomposition of the aesculin is denoted by blackening of the medium and accumulation of gas in the Durham tubes.
Motility was determined by hanging drop preparations of young cultures grown in nutrient broth and by the use of semi-solid agar (nutrient broth plus 0.5 per cent agar). Flagella stains, where made, were prepared according to the method of Plimmer and Paine (1921) .
C. Differentiation of the "Intermediate" section When it was recognized that an "Intermediate" group of coli-like organisms existed, primary differentiation from true Escherichia and Aerobacter cultures was made by the use of the Voges-Proskauer, methyl-red and Koser's citrate tests. Soon, however, Aerobacter-like cultures were isolated and classified as "Intermediate" coli-like bacteria and confusion reached such a state that some workers felt it would be desirable to allocate all "Intermediate" cultures to the two existing genera, depending upon which genus was more closely simulated.
As pointed out previously, part of the confusion arose through inadequate control of differential criteria. The fundamental differences in glucose metabolism were not widely recognized. Furthermore, a tendency to attempt to use On the basis of the differences shown in the table it is felt that there is sufficient evidence for regarding the true "Intermediate" coliform bacteria as a separate, distinct group. It is true that in some characteristics the "Intermediate" group appears more closely related to Escherichia as shown by the metabolic end-products of glucose fermentation as manifested by the negative Voges-Proskauer reaction and the positive methyl-red test for true Escherichia. On the other hand, characteristics suggestive of Aerobacter include the utilization of citrate as a sole source of carbon, failure to grow at 45-46°C., and low resistance to boric acid media.
The most outstanding characteristic possessed by the "Intermediate" section not common to Escherichia or Aerobacter, is the ability to form hydrogen sulfide from proteose peptone ferric-citrate agar.
Generic ranking of the "Intermediate" section has presented a confusing problem in the past. Purely on the basis of glucose metabolism the "Intermediate" bacteria are closely related to true Escherichia as has already been stressed. The genus Citrobacter as originally created for the "Intermediate" section was not satisfactory for it permitted the presence of Aerobacter types-"acetoin not produced from glycerol and rarely from glucose and then only in traces."
Increase in our knowledge of the coliform bacteria and the advent of more refined techniques have, however, shown that the "Intermediate" group can be differentiated. Furthermore, the section has been widely recognized and specifically differentiated from Escherichia and Aerobacter. It would seem that steps should be taken to insure a legitimate taxonomic position for the "Intermediate" coliform group.
If the term Citrobacter is to be accorded generic rank, then the characterization by Mitchell and Levine (1938) 6 ). The genus Citrobacter (Werkman and Gillen) has not been satisfactory for allocation of the "Intermediate" coli-like bacteria. The physiological similarity between "Intermediate" coli-like cultures and true Escherichia coli cultures as indicated by the metabolism of glucose might be considered of sufficient magnitude to make the allocation of the "Intermediate" section to the genus Es-cherichia mandatory. Such allocation, however, should be made with the understanding that the presence of "Intermediate" coli-like cultures in a food (as for example oysters or olives) is not to be regarded as prima facie evidence of fecal pollution. From the standpoint of sanitary significance, allocation of the "Intermediate" section to the genus Escherichia can not be completely satisfactory until the origin of the "Intermediate" coli-like organisms is conclusively proved. Evidence available at present does not indicate a clear cut solution of the question of the sanitary significance of "Intermediate" coli-like bacteria found in foods or in water.
The "Intermediate" coli-like bacteria possess the following general characteristics:
Gram-negative short rods; do not form spores; generally motile-if motile, with peritrichous flagellation; ferment lactose with production of acid and gas; ferment glucose with formation of equal volumes of CO2 and H2 but no acetylmethylcarbinol (V. It is to be emphasized that with most of these characters, at least a few cultures in any of the three sections will be found to be in disagreement with the majority. Other characters, such as indole production, are not considered of significance for generic differentiation although very useful for species identification. (A large number of Aerobacter cultures produce indole.) All are conversant with the vagaries of the methyl-red reaction, and since when properly ascertained it correlates so well with the V.-P. reaction its use for differentiation is not pertinent.
D. Specific differentiation Results of investigation on the carbon compounds decomposed by the "Intermediate" cultures is summnarized in table 3.
Of the 27 compounds tested, 14 were attacked by all, or nearly all cultures, only 2 were not decomposed and 12 were considered of possible value for species differentiation.
It has already been shown that hydrogen sulfide production is a characteristic common to most of the "Intermediate" section. Experience has shown that this character correlates well with other reactions for the purposes of differentiating specific types of "Intermediate" bacteria. Table 3 shows the specific differences between the H2S positive and negative cultures. One hundred ninety-six cultures produced H2S and only 27 cultures were negative. Of the 12 characteristics used in segregation of these two groups only a few were of significant differential value. The other carbon compounds decomposed were attacked at random by both groups and an attempt to em-cINTERMEDIATE" COLI-LIKE BACTERIA ploy all such characters would tend to increase the number of groups geometrically by the expression 2n where "n" is the number of characters studied. Obviously, such a practice would greatly confuse satisfactory grouping of the cultures.
Those characters thought to be of value for differentiation of the H2S positive and negative types included indole production, motility, and fermentation For this study, using formula I, it has been considered that if the coefficient of correlation between two characters is greater than 0.5 they may be regarded as correlated, but if less than 0.3 there is probably no correlation.
Inspection of table 4 shows that H2S production is significantly correlated with indole production and the decomposition of aesculin and to a lesser extent with motility and decomposition of inositol and salicin; the association being negative with the exception of motility.
All of the characters do not correlate with each other. Starch, which does not correlate well with H2S has a high degree of association with motility and inositol but less significantly with aesculin. Indole production correlates well only with H2S and aesculin. Glycerol is not correlated with any of the degree of association between starch, inositol and motility. The other characters do not correlate well with the exception of aesculin with salicin and to a lesser extent indole with salicin. Two types are present; one, represented by 6 cultures, ferments starch and inositol but is non-motile; the other, comprising 21 cultures, does not ferment starch or inositol but is motile. (Malcolm, 1938 , has also found inositol an aid for specific differentiation of the "Intermediate" coli-like bacteria as indicated by his correlation studies.) Two sections should be recognized among the "Intermediate" coli-like bacteria, an H2S positive group which is well defined and an H2S negative group which may be further satisfactorily differentiated. In some other collection of cultures the H2S negative group might be the larger. Representatives of both groups have been described by many investigators. The two groups should be allocated to the genus Escherichia.
As already pointed out, the ability of the "Intermediate" coli-like bacteria to produce hydrogen sulfide in proteose peptone ferric-citrate agar is a characteristic distinctive for most of the cultures of this section of coliform bacteria.
For adequate differentiation it is desirable to recognize at least two definite groups because of the distinct differences between the hydrogen sulfide positive and negative cultures. The large H2S+group of "Intermediate" coli-like bacteria might be recognized as Escherichia freundii (Braak) Yale. The small H2S-group might be recognized as Escherichia intermedium (Werkman and Gillen) Potato:--Growth on potato wedges is abundant with a white to ivory color. Litmus milk:-The milk is acidified; sometimes followed by coagulation and reduction. Gas is formed. Protealysis has not been observed.
Levine's eosine-methylene-blue agar:-Well isolated colonies vary from 1 to 4 mm in size. There is no confluence of neighboring colonies so characteristic for cultures of Aerobacter. Colonies are slightly to moderately raised with surfaces varying from flat to convex and usually smooth and glistening but sometimes dull, rough and granular.
By transmitted light two types of colonies have been observed: 1) Colonies having almost the same appearance throughout but with a distinctly lighter center, the color being similar to the medium. 2) Colonies having a dark brownish central area which diffuses out to a lighter margin.
By reflected light three types of colonies have been observed: 1) Dark, button-like, concentrically ringed colonies possessing a strong greenish metallic sheen so characteristic for Escherichia coli. 2) Colonies with dark, purplish, wine-colored centers surrounded by a light pink zone. Some colonies are concentrically ringed. 3) Pink colored colonies with no suggestion of sheen but sometimes concentrically ringed. The two latter types predominated among the cultures studied.
Biochemical characteristics (at 30SC) Catalase:-This enzyme is produced by all cultures. Fermentation of glucose:-The end-products characteristic for the genus Escherichia are formed. Carbon dioxide and hydrogen gases are formed in approximately equimolar proportions (gas ratio 1:1) besides significant quantities of ethanol and acetic, lactic and succinic acids (methyl-red test positive) with only traces of formic acid. Acetylmethylcarbinol and 2-3 butylene glycol have not been found (Voges-Proskauer test negative).
Citrate utilization:-Salts of citric acid are utilized as a sole source of carbon in an otherwise inorganic medium.
Hydrogen (Braak) received from Professor Kluyver include both sulfide-producing and non-sulfide producing types. The marked differences between the original cultures make it advisable to give specific names to the two types, so that the differences may be more easily noted.
The question of proper synonymy is difficult. Certainly "Intermediate" coli-like bacteria had been described under a variety of species of Escherichia, Bacterium or Bacillus for some time prior to the work of Koser (1923 ), Braak (1928 , and Werkman and Gillen (1932) .
Until descriptions included utilization of citrate as a sole source of carbon, the production of hydrogen sulfide in peptone, lead acetate agar offered the best clue as to whether the organisms might belong to the "Intermediate" section provided that other reactions were characteristic for coli-like bacteria. A study of the literature shows that it would be very difficult, if not impossible, to establish synonymy in this manner.
The most probable synonyms are those species of Citrobacter named by Werkman and Gillen (1932) including Citrobacter album, Citrobacter anindolicum, Citrobacter decolorans, Citrobacter diversum, Citrobacter glycologenes and Citrobatter intemedium. Had the trinomial Bacterium coli citrovorum (Minkewitsch, 1930) The data summarized in table 6 have been compiled from the literature for the purpose of ascertaining in part the relative incidence of the "Intermediate" section among the coliform bacteria isolated from different sources and also for pointing out the confusion which accompanies the presence of this group when isolated in large numbers from various sources. The results are based upon differentiation through the use of the methyl-red, Voges-Proskauer and Koser's citrate tests.
The data in table 6 indicate that the "Intermediate" section is widely distributed in nature; that it is encountered only in small numbers in the feces of man and animals; that the question of sanitary significance of this group is difficult to ascertain; that on the basis of the available data there is a somewhat higher incidence of this type in soils considered to be remotely polluted but the percentage incidence is low in most cases, showing little correlation with source and with relativelysmall percentage differences in incidence from various sources, the conclusion that the "Intermediate" group is necessarily non-fecal in origin is unjustifiable.
Part of the somewhat higher percentage incidence among the non-fecal sources may be accounted for by the fact that with a predominance of Aerobacter forms there would be a larger number of such cultures incorrectly diagnosed as "Intermediate" because of the use of unreliable techniques for deter- The "Intermediate" cultures herein reported were collected and studied over a ten-year period. During this time, no unusual characteristic irregularities or "variants" have been noted except those which were discounted as due to previous incorrect allocation. As already emphasized, use of inadequate methods of determining the V.-P. reaction and the use of 3700 rather than 30°C for incubation accounted for most of the "variants."
It is important to note, however, that in one instance true Escherichia coli cultures had been previously diagnosed as "Intermediate" because Simmon's citrate agar made with tap water had been used for differential purposes. It is known that agar contains growth-promoting factors. Koser's citrate medium carefully prepared to avoid chemical contamination should be used for determining whether coliform cultures can use the citrate radical as a sole source of carbon.
IV. SUMMARY AND CONCLUSIONS
The "Intermediate" group consistutes a distinct section of the coliform bacteria and may be differentiated from both Escherichia and Aerobacter.
The "Intermediate" section differs from true Escherichia in that the former (1) utilizes the citrate radical as a sole source of carbon in an otherwise inorganic medium, (2) produces H2S in proteose peptone, ferric citrate agar, (3) decomposes cellobiose, (4) uses urea as a sole source of nitrogen but does not use uracil, (5) does not grow well at 450-46TC (Eijkman test) and (6) is not resistant to boric acid.
The "Intermediate" section may be differentiated from true Aerobacter in that the former (1) does not produce acetylmethylcarbinol from glucose (V.-P.), (2) is methyl-red positive, (3) generally produces H2S in proteose peptone, ferric citrate agar, (4) does not utilize uric acid, uracil, yeast nucleic acid, allantoin or hydantoin as sole sources of nitrogen, but does use urea, and (5) does not decompose sodium malonate.
The "Intermediate" coli-like bacteria are markedly group specific in their reaction to bacteriophages and to metabolites from staled agar, as shown by the work of Powers and Levine.
The "Intermediate" bacteria are most closely related to the organisms of the genus Escherichia from the standpoint of the physiological similarity in the metabolism of glucose. For this reason the cultures studied were allocated to the genus Escherichia, stressing, however, that until the question of natural habitat of the "Intermediate" section has been more conclusively proved it is desirable to segregate such cultures from true Escherichia coli which is conceded to predominate in the feces of vertebrates.
On the basis of statistical correlation, two species of "Intermediate" coli-like bacteria were recognized. The predominant species, Escherichia freundii, was represented by 196 cultures. The remaining 27 cultures were described as Escherichia intermedium nov. comb. A new description of Escherichia intermedium is also given.
